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RESULTS OF AN EXPERIMENTAL INVESTIGATION TO DETERMINE
ORBITER AND SOLID ROCKET BOOSTER JET PLUME INDUCED
EFFECTS UTILIZING A .01-S5CALE INTEGRATED VEHICLE
SPACE SHUTTLE MODEL (75-0TS) IN THE NASA/ARC 9 X 7-
FOOT LEG OF THE UNITARY PLAN WIND TUNNEL (IA138)

by
R. H. Mulfinger and J. Marroquin
Rockwell International, STS D&P Division

ABSTRACT

This report documents the data obtained during wind tunnel test I, L38; a
supersonic, integrated vehicle, jet plume effects test program. ' e

model simulated the jet plumes generated from the SSME and SRB sy: ems

by directing unheated high-pressure air through.precalibrated'flox-through
nozzles, I1A138 ﬁas conducted 1n the 9 x 7 leg of the Unitary Plar Wind

Tunnel using an .0l-scale model of the Space Shuttle Launch Vehic: :.

The basic objectives of this program were to detérﬁine the effect f the
Space Shuttle Main Engines and Solid Rocket Booster plumes on:
1. Wing panel shear, bending and torsion
2, Inboard and outboard elevon hinge moments
3. Orbiter, external tank and solid rocket booster afterbod
pressure distributions and acoustic environment.
Testing was conducted over the range of Mach numbers from 1.55 to .5

with Reynolds number variations between 4.4 and 3.01 x 10% per foc
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ABSTRACT (Concluded)

respectively. Angle-of-attack varied from -8 to +6 degrees at sideslip
angles of -4, 0 and 4 degrees. Inboard and outboard elevon deflection

angles were also varied during the test program.
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FIGURE CONDITIONS PLOT
NUMBER TITLE VARYING SCHEDULE  PAGES

PLUME SIZE EFFECTS ON WING LOADS.

4 MACH = 2.5 SRBPR A 1~3
5 MACH = 2.2 l A 4-6
6 MACH = 1.8 l A 7-9
7 MACH = 1.55 ' o A 10-12
PLUME STZE EFFECTS ON ELEVON HINGE MOMENTS
8 MACH = 2.5 SRRPR B 13-14
g MACH = 2.2 B 15-16
10 MACH = 1.8 B i7-18
11 MACH = 1.55 B 19-20
PLUME SIZE EFFECTS ON BASE PRESSURES
12 ’ MACH = 2.5 SRBPR C 21-24
13 MACH = 2.2 ’ C 25-28
14 MACH = 1.8 l C 29-32
15 MACH = 1.55 C 33-36
EFFECT OF ANGLE OF ATTACK ON WING LOADS, POWER ON/OFF, ELV-IB = 10
ELV-IB = 10 ) .
16 MACH = 1.55 ELV-0B D 37-45
17 MACH = 1.8 ] D 46-54
1 MACH = 2.2 D 55-63
19 MACH = 2.5 ‘ D 64-72
ELV-IB = 12
20 . MACH = 1.55 ELV-OB D 73-81
21 MACH = 1.8 ¥ D 82-90
ELV-IB = 8§
22 MACH = 1.55 ELV-0B D 91-99



FIGURE CONDITIONS PLOT
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23 MACH = 1.8 ELV-0B D 100-108
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25 MACH = 2.5 D 118-126
ELV-IB = 0
26 MACH = 2.2 FLV-0B D 127-135
27 MACH = 2.5 ¥ D 136-144
EFFECT OF ALPHA ON ELLVON HINGE MOMENTS, POWER ON/OFF
ELV-IB = 10
28 MACH = 1.55 ELV-OB E 145-150
29 MACH = 1.8 E 151-156
30 MACH = 2.2 E 157-162
31 MACH = 2.5 ¥ E 163-168
ELV-IB = 1
32 MACH = 1.55 ELV-0B E 169-174
33 MACH = 1.8 } E 175-180
ELV-IB = 8
34 MACH = 1.55 ELV-0B E 181-186
ELV-IB = 4
35 MACH = 1.8 ELV-0OB E 187-192
36 MACH = 2.2 [ E 193-198
37 MACH = 2.5 + E 199-204
ELV-IB = 0
38 MACH = 2.2 ELV-0OB E 205-210
39 MACH = 2.5 4 E 211-216
EFFECT OF ALPHA ON AREA WEIGHTED BASE PRESS.,
ELEVON 10/-2 :
40 MACH = 1.55 BETA F 217-220
41 MACH = 1.8 F 221-224
42 MACH = 2.2 F 225-228
43 MACH = 2.5 F 229-232



FIGURE CONDITIONS PLOT
NUMBER TITLE VARYING SCHEDULE  PAGES

EFFECT OF ALPHA ON AREA WEIGHTED BASE PRESS. (Contd)
ELEVON 1G/-5

by MACH = 1.8 BETA F 233-236

45 MACH = 2.2 l F 237-240

46 MACH = 2.5 F 241-244
ELEVON 10/-7

47 MACH = 1.55 BETA F 245-248

48 MACH = 1.8 | F 249-257

49 MACH = 2,2 + F 253-256
ELEVON 10/2

50 MACH = 2.5 BETA F 257-260
ELEVON 12/-2 :

51 MACH = 1.55 BETA F 261-264

52 - MACH = 1.8 ¥ 265-268
ELEVON 12/-5

53 MACH = 1.8 BETA F 269-272
ELEVON 12/-7

54 MACH = 1.55 BETA F 273-276

55 MACH = 1.8 ¥ 277-280
ELEVON 8/-2

56 MACH = 1.55 BETA F 281-284
ELEVON 8/-7 :

57 MACH = 1.55 BETA F 285-288
ELEVON 4/-2

58 MACH = 2.2 BETA F 289-292

59 MACH = 2.5 ¥ F 293-296
ELEVON 4/-5

60 MACH = 1.8 BETA F 297-300

61 MACH = 2.2 | F 301-304

62 MACH = 2.5 + 7 305-308

o Llavil — L, 2 B _ BETA F 309"312
ELEVON 4/2 :
64 MACH = 2.5 BETA F 313-316
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FIGURE CONDITIONS LorT

. PAGES
NUMBER TITLE VARYING SCHEDULE
EFFECT OF ALPHA ON AREA WEIGHTED BASE PRESS., (Contd)
ELEVON /-2
65 MACH = 2,72 BETA F 317-320
66 MACH = 2.5 v 3 321-324
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75 ELV-IB = 10 - H 400-411
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e eO
A)  CNW , C SSMEPR g ,
) ’ CTMW Bay 7 o CpBORB CPBET PBgy CPB%R e
B) ChEi, Cheo Vs §5MEPR G) ACNw, ACTMJ’ ACBM\? vs
C) CPBORB’ CPBETI" CPBSL’ CpESR vs SSMEPR H) Alyy , Mlhy ve
D) CNW, Cry, CBygy VS o I} ¢ , vs M
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PRESSURE DATA - VOLUME IT .
4A PRESS., DISTRIBUTION PWR ON/OFF (ORB FUSELACE ELEVON=10/-2, MACH=1.55 A 1-30
4B PRESS. DISTRIBUTION PWR ON/OFF (ORB FUSELAGE ELEVON=0/-2, MACH=2.5 A 31-60
5A PRESS. DISTRIBUTION PWR ON/OFF (BODY FLAP UPPER) ELEVON=10/-2, MACH=1.55 B 61-75
5B PRESS. DISTRIBUTION PWR ON/OFF (BODY FLAP UPPER) ELEVON=0/-2, MACH=2.5 B 76-90
6A PRESS. DISTRIBUTION PWR ON/OFF (QORBITER BASE) ELEVON=10/-2, MACH=1.55 C 91-135
6B PRESS. DISTRIBUTION PWR ON/OFF (ORBITER BASE) ELEVON=0/-2, MACH=2.5 C 136-180
7A PRESS. DISTRIBUTION PUR oﬁ/OFF (NO 1 SSME NOZZLE) ELEVON=10/-2, MACH=1.55 A 181~195
7B PRESS. DISTRIBUTION PWR ON/OFF (NO 1 SSME NOZZLE) ELEVON=0/-2, MACH=2.5 A 196-210
8A PRESS. DISTRIBUTION PWR ON/OFF (NC 3 SSME NOZZLE) ELEVON=10/-2, MACH=1.55 A 211-225
8B PRESS. DISTRIBUTION PWR ON/OFF (NO 3 SSME NOZZLE) ELEVON=0/-2, MACH=2.5 A 226~240
94 PRESS. DISTRIBUTION PWR ON/OFF (ET BASE) ELEVON=10/~2, MACH=3.55 A 241-255
9B PRESS. DISTRIBUTION PWR ON/OFF (ET BASE) ELEVON=0/—2,‘MACH=2.5 A 256-270
104 PRESS. DISTRIBUTION PWR ON/OFF (LEFT SRB) ELEVON=10/-2, MACH=i.55 A 271-285
10B _PRESS. DISTRIBUTION PWR ON/OFF (LEFT SRR) ELEVON=0/-2, MACH=2.5 A 286-300
11A PRESS. DISTRIBUTION PWR ON/OFF (LETT SRB NOZZLE) ETFRVON=10/-7 MACH_1 =& ' nas e
118 PRESS. DISTRIBUTION FWR ON/OFF (LEFT SRB NOZZLE) ELEVON=0/-2, MACH=2.5 A 316-330
124 PRESS. DISTRIBUTTON PWR ON/QFF (LEFT SRR BASE) ELEVON=10/-2, MACH=1.55 A 331-345
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FIGURE
NUMBER

TITLE

PLOT )
SCHEDULE  PAGE

PRESSURE DATA - VOLUMFE I1I (Continued)

128 PRESS,
13A PRESS.
I3B PRESS

A) <,
B) Cp
¢ ¢

DISTRIBUTION PWR ON/CFF (LEFT SRB BASE)
DISTRIBUTION PWR ON/GFF (RIGIT SRB BASE)

DISTRIBUTION PWR ON/OFF (RIGHT SRB BASTE)

vs @
vs X/CBF

vs YO

ELEVON=0/-2,

ELEVON=0/-2

MACH=2,5 A 346-360
ELEVON=10/-2, MACH=1.55 A 361-375
MACH=2.3 A 376~390



SYMBOL
o

ap

Agpr

ABORB
BSRB
ATMPS

ATSRB

MNEMONIC

ALPHA

ABET
ABORB
ABSREB
ATMPS
ATSRB
BETA
BREF
By
BWI

BWO

CBAR

CBW, CBMW

CE

CHEI

CHEO

CHW

NOMENCLATURE

DESCRIPTION

model angle-of-attack; degrees

distance between bending gauge electi .cal
centers

external tank base area; fr.?
orbiter base area; ft.?2

base area for both SRB's; fr.2
MPS nozzle throat area; in.2

SRB nozzle throat area, in.?
model angle of sideslip; degrees
model span; in.

wing-root bending moment, about Yo = J)5; in-1bf.
wing-root bending moment at inboard g 1ge; in-1b.

wing-root bending moment at outboard i luge;
in-1b.

wing mean aerodynamic chord; in.

wing-root bending moment coefficient z oub
Yo = 105

elevon chord; in.

inboard elevon hinge moment coefficien , abour
hingeline

outboard elevon hinge moment coefficie t, about
hingeline

wing panel normal force coefficient

11



SYMBOL

C
Py

(Cpp)

pb)ET

ORB
(c
(Cp,)

(Cpb>SR

SL

Oty

Hie
Hig _

KA
KAET

KAEO

MNEMONIC

CP(i)

CPBORB
CPBET
CPBSL
CPBSR

CTW, CTMW

HMET

HMEO

KI

KO

LREF

MACH

NOMENCLATURE (Continued)

DESCRIPTION

pressure coefficient, i = tap number;
Cpl = (Pl ~ Poo) / Guo.

orbiter base pressure coefficient
external tank base pressure coefficient
left SRB base pressure coefficient
right SRB base pressure coefficient

wing torsion moment coefficient, about
Y, = 1307

o}

transfer distance from ¥ = 105 to electrical
axis of wing gauge #2; in.

transfer distance from X, = 1307 to wing gauge
#3; inches

inboard elevon hinge moment about hingeline;
in~1b.

outboard elevon hinge moment about hingeline;
in-1b.

wing bending deflection constant; ©/in-1b.
inboard elevon deflection constant; ©/in-1b.
outboard elevon deflection constant; ©/in-1b.
inboard elevon hinge moment constant; in-1b/mv/v

outboard elevon hinge moment constant;
in~-1b/mv/v

reference body length; in.
stain gauge output; millivolts

freestream Mach number

12



(pc/pm)ORB

(Pe/P.) srB

MNEMONIC

NW

PCORB

PCSRM

PCN

PE(1)

P or PO
PT

SSMEPR or
CPROZ
(CPRO1)
SRBPR or
CPRSR
(CPRSL)
Q(PSF) or Q
RN/L

SE.

SREF

TR

TTR

TORB

TSRM

NOMENCLATURE (Continued)

DESCRIPTION

wing panel normal force; 1b.

orbiter chamber pressure; psia

SRM chamber pressure; psia

nozzle chamber pressure, N indicates ch mber
location; psia

nozzle exit pressure, ith tap number; p ia
static pressure, ith tap number; psia
tunnel freestream static pressure; psia
tunnel freestream total pressure; psia
Orbiter main engine #2 (#1) pressure ra io;
Orbiter nozzle chamber pressure/freestr m
static pressure

Right SRB nozzle (Left SEB nozzle) pres: ire
ratio; SRB nozzle chamber pressure/free: :ream
static pressure

tunnel freestream dynamic pressure; psf
unit Reynolds number; per foot

elevon reference area; ft.?

model wing area; ft.2

average tunnel static temperature; °R
average tunmel total temperature; °R

orbiter plume air total temperature; °R

SRM plume air total temperature; “r

13



NOMENCLATURE (Continued)

SYMBOL MNEMONIC DESCRIPTION
Ty W wing~root torsion moment at gauge; in-1b.

Y voltage applied to strain gauge; volts

&MPS MPS nozzle mass flow; #/sec. per nozzle
Wsgrp SRB nozzle mass flow; #/sec. per nozzle

XoN orbiter nose station; in.

XWRC orbiter orbiter longitudinal wing reference

station; in.

(X/C)py X/CBF longitudinal distance along body flap/body
flap chord length

X/D X/D longitudinal location of pressure orifice
on nozzle/nozzle exit diameter (sece Figure 2n
or Figure 2q)

X/ X/L longitudinal distance along orbiter fuselage/
orbiter body length

(X/L) g S/LS longitudinal distance along SRB/SRB length
(see Figure 2p)

(X/1) X/LT longitudinal distance along external tank/
external tank length (see Figure 20)

YWRG orbiter lateral wing reference station; in.

¥, Y0 lateral location of pressure orifice on orbiter

base; inches (M.S8.) right (+) or left (-) of
longitudinal centerline (see Figure 21)

Z z0 vertical location of pressure orifice on orbiter
base; inches (M.S5.) above water line zero.
(see Figure 21)

- MPP location of Mement Reference Point for data
YMPP reduction. Longitudinal (¥X), Lateral (Y) and
ZMRP Vertical (Z) station on orbiter
- NO. Station number
ACNw incremental normal force on wing due to engine
plumes
ACTW incremental torsional moment on wing due to

enging plumes

ACq incremental root bending moment on wing due
W 8 g
to engine plumes

14



SYMBOL MNEMONIC
ACHEI
ACHEq
AELI DI
AELO DO
6ELI ELVIL
SELO ELVO
SELI(SET) ELV-1IB or
" EI

SELO(SET) ELV-0B or
n ETA
o PHI
¢W
ew

Pressures
CPi CP(i)
(pe/pe)i CPR(J)

NOMENCLATURE (Continued)

DESCRIPTION -

incremental hinge moment on inboard ele on due
t o engine plumes

incremental hinge moment on outboard el von due
to engine plumes

left inboard elevon deflection due to 1 ad;
degrees

left outboard elevon deflection due to rad:
degrees

left inboard elevon setting, corrected or
load deflection; degrees

left outboard elevon setting, corrected “or
load deflection; degrees

inboard elevon deflection setting; degri :s

outboard elevon deflection setting; deg: :es

spanwise location of pressure orifice oi body
flap, (wY/b) {(see Figure 2m)

radial position of pressure orifice on
component, degrees. (see Figure 2k)

deflection of R/H wing panel in pitch pl ne due

to torsion moment; degrees (positive LE- )
deflection of R/H wing panel in roll ple e due

to bending moment, degrees (positive tig
upward)

pressure coefficient for model surface tpi

chamber pressure ratio for nozzle j

15



MNEMONIC
EPR()
PC(3)
PE(})

P(i)

Subscripts

ET

D]

NOMENCLATURE (Continued)

DESCRIPTION

exit pressure ratio for nozzle j

chamber pressure ({absolute) for nozzle j; psia

exit pressure {(absolute) for nozzle j; psia

pressure {absolute) at model surface tap; psia

base, body, bending

chamber

exit

elevon

external tank

gauge

surface pressure tap number

inboard

location

3
J
]
]
j =
J
b
3
3
3
]

nozzle, nose

outboard

right

16

upper MPS nozzle chamber

1

2 L.H. MPS
3 R.H. MPS
4 L.H. SRB
5 R.H. SRB

nozzle

96 (see

97
98
99
100

nozzle
(see

(orbiter)

chamber
chamber
chamber
chamber

nozzle
nozzle
nozzle
nozzle

#2 internal wall
Figure 2n)

#4 internal wall
Figure 2n)



NOMENCLATURE (Concluded)

SYMBOL MNEMONIC DESCRIPTION

S solid rocket booster (SRB) or (SRM)
SL L.H. solid rocket booster

SR | R.H. solid rocket booster

SRB solid rocket booster

SRM solid rocket motor

T external tank, total, twisting or torsi n

W wing
£ left
o static freestream

17



INTRODUCTION

Model 75-0T1S, a 0.0l0-scale model of the integrated space shuttle vehicle,
was tested in the ARC Unitary Plan Wind Tunnel. The test was conducted
in the 9 x 7-foot supersonic test section between August 15, 1978 and
September 1, 1978 for a total of 70 occupancy hours. The shuttle program

test designation was IAl138 and the facility test number was 97-246-1,

Cold air flow through the space shuttle main propulsion svstem (SSME),
the solid rocket booster (SRB), and Solid Rocket motor (SRM) nozzles were
used to simulate the rocket plumes. Air to the main engines was ducted
through a single passage from the back of the sting, up through the blade
and through three passages to the orbiter afterbody which formed the SSME
chamber and nozzle mounts. Air for the SRB's was ducted up the blade
strut via two passages to a common plenum inside the External Tank (ET),
out to the booster plenums through five passages in each innterstage

strut and hence through the nozzle.

Test variables Included Mach number (1,553M$2.50), angle-cof-attack (-§°
to +69), sideslip angle (O, 140), SSME and SRB nozzle pressures and elevon

deflections.

Data gathered in the test included noise levels and steady-state pressure
distributions on the aft portion of the orbiter, ET and the left-hand SRB;
wing shear, bending and torsion, and left wing inboard and outboard

elevon hinge moments were measured also.

e



INTRODUCTION (Continued)

This report presents the results of the test in the following fo: rat:
VOLUME I

Wing force and moment data, elevon hinge moment data
and element average base pressure data plots and
tabulations,

VOLUME II

Individual pressure orifice plots (sample only ~ comple e
set available on request from Chrysler DMS)

VOLUME 11T
Individual pressure orifice tabulation

(Microfiche only - hard copy available on request from
Chrysler DMS)

Micrc iche

Contents Page umber

Orbiter Fuselage (A) D/S 01-89 13
Upper Body Filap (B} D/S 01-89 9 14
Lower Body Flap (C) D/S 01-89 1419
Orbiter Base (D) D/S 01-89 : 19- 30
Number 1 Space Shuttle Main Engine Nozzle

(E) D/S 01-89 30- 18
Number 3 Space Shuttle Main Engine Nozzle

(F) D/S 01-89 38- 3
External Tank Base (G) D/S 01-89 44- 1
Left Solid Rocket Booster (H) D/S01-89 51- 6
Left Solid Rocket Booster Nozzle (I) D/S 01-89 56- 4
Left Solid Rocket Booster Base (J) D/S 01-~89 65- 6

10



INTRODUCTION {(Concluded)

Microfiche

Contents Page Number
Right Solid Rocket Booster Base (K) D/S 01-89 66-67
Inside Orbiter Maneuvering System (L) D/S 01-89 67-69

20



REMARKS

Angle-of-attack for the on-line data during the early portion of
program was recorded from the model strut-mounted danglometer. -
measurements were abandoned iater because of unsatisfactory dang]
calibrations, and angle-of-attack was computed from the facility
sleeve readings. For the final data tape, all angle-of-attack d=

vecomputed based odn knuckle sleeve outputs.

Pressure taps 55, 61 and 65 (Scanivalve Number 3, Port Numbers 27
36) were plugged prior to the start of the test program and no at
was made to recover these pressure taps on site because of model

ity. Several other raps on Scanivaive Numbers 3, 5 and 6 occasio
showed marginally acceptable results on Scanivalve‘checks made pe
during the test program. The Ports are tabulated below:

Scanivalve #3 Scanivalve #5 Scanivalve

‘he test
iese
meter
nuckle

a were

33 and
empt
omplex-
ally

iodically

#6

Port No, Tap No. Port No. Tap No. ‘ Port No. Ta

22 .. 51 21 2112 4
23 52 23 2117 7
34 62 32 2155 10
37 65 37 2165 11

' 30

Do NN

.

Further, post-test analysis of the data generated additional orif

that were judged bad. These are tabulated in Table IV. The data

tions of Volume III contain the data as collected, (including'bad

s0 the reader is advised to study Table IV before utilizing the d:
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REMARKS (Concluded)

The Kulite dynamic pressure data measurements were recorded directly on
magnetic tape at the facility. These data are under the jurisdiction of
the Shuttle Structural Dynamics unit at Rockwell, Downey, and will be pro-

cessed and analyzed by that organization.

Reference dimensions called ocut on the force plots and tabulated force
data are for the total wehicle. Wing force and moment data and elevon
hinge moment data were reduced to their own respective dimensions as

called out in the Data Reduction Section of this report.
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CONFIGURATIONS INVESTIGATED

The model tested was a 0.010-scale representation of the drawing 7C70-

000002 mated space shuttle vehicle (see Figures 2a through 2d).
75-0TS model had the capability of simulating the jet plumes genc
from the SSME and SRB systems by directing unheated high-pressure

through precalibrated flow-through nozzles.

The orbiter was rigidly attached to the external tank by fore anc
attach hardware and by the strut used for supplying high-pressure

the SSME nozzles (see Figures 2e and 2f).

The inboard and outboard elevons on the left wing were spearately
gauged for hinge moments (Figures 2h and 2i). The right-hand win
strain-gauge instrumented for normal force, bending and torsion m

(Figure 2j).

The orbiter was instrumented with 142 surface static pressure tap
acoustic sensors distributed over the fuselage, fuselage base, bo

and MPS nozzles as shown in Figures 2k through 2m.

The external tank was rigidly attached to the main blade air-supp.

The ET had 34 pressure taps and 3 acoustic sensors as shown in Fig

The SRB was instrumented with 67 pressure taps and 3 acoustic sens

(see Figures 2p and 2q).
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CONFIGURATIONS INVESTIGATED {(Continued)

SSME and SRB flow~through nozzles were constructed of Armco steel and

were deflected to the initial lift-off configuration setting.

The crbiter configuration was denoted as follows:

01 = Bp2 Cy12 Esp Fig M16 Rs5 Ng7 Ngg Vg Wigy

Where the individual orbiter components were defined as (see Figure 2a):

Component Definition
Bgo fuselage
Cyy canopy
Ego elevon
Fio body flap
Mg OMS/RCS pods
Rg rudder/speed brake
Ng7 MPS nczzle
Ngg OMS nozzles
Vg vertical tail
Wi27 wing

The external tank configuration was denotes as follows (see Figure 2c):

T. = Tog FRyg ATpg AT3y AT3p PTpp PTo3 PTo4 PTos5 PTog PIpy FLjon FLi1

Component Definition
Tog external tank

FR1p aft attach cross beam
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CONFIGURATIONS INVESTIGATED (Continued)

Component Definition
ATsg attach structure; Orbiter, aft
AT31 attach structure, SRB
AT39 attach structure, Orbiter, fwd.
PTyo _ ET protuberance, L0, antigeyser 1 ne
PToq ' ET protuberance, LHy recirculatic line
PTy, ET protuberance, GHy pressure lin
PTosg ET protuberance, LH7 tank cable t ay
PTog ET protuberance, GD2 pressure lin
PToy ET protuberance, L0; tank cable t ay
FLip L02 feedline, aft, cross member
FLll L0y feedline, longitudinal member

The SRB nomenclature is as follows (refer to Figure 2d):

5 = 557 Ngg Pg11 Ps12 Pgi13 Pgia Psis Psig Psog Pgo1 Pgoo

Component - : Definition
S22 . solid rocket booster
Ngg SRB nozzles
PSli SRB protuberance, separation mctom
Pgi2 SRB protuberance, separation motor .
Ps13 SRB protuberance, aft structural 1 ng;A
Pg14 SRB protuberance, aft attéch
Ps15 SRB protuberance, data capsule



CONFIGURATTIONS INVESTIGATED (Concluded)

Component Definition
Pao1g SRR protuberance, fwd attach footing
Pgnq SRB protuberance, cable housing
Pgo1 SRB protuberance, structural rings (4)
Pgoo SRB protuberance, turbine exhaust (4)
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TEST FACILITY DESCRIPTION

The Ames Research Center 9- by 7-Foot Supersonic Wind Tunnel is a
circuit, air-medium, variable-density facility capable of attaini
numbers from 1.55 to 2,50 at Reynolds numbers from 1.5 x 106/fr ¢
6.5 x 10%/ft. The 18-foot-long test section is part of a dual sy
supersonic circuits and uses the same motors and compressor as th
/=foot tunnel. A sliding-block throat arrangement is used to con

Tunnel Mach number.

Models are supported by means of stings attached to the wall-to-w:

BOR system of the 9~ x 7-foot tunnel.

Schlieren photography, shadowgraphs, and pressure monitoring inst:

tion are available,
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DATA REDUCTION

The data reduction procedures for Test IA138 dinvolved calculation of:
operating nozzle chamber-total, exit-static pressures, and pressure ratios
for the SRB and main propulsion system (MPS) nozzles; elevon (inboard and
outboard panel) hinge moments and hinge moment coefficient; wing normal-
force coefficient, wing-root bending moment coefficient, wing-root torsion
moment coefficient; and pressure coefficients for the 246 static taps on

the orbiter, external tank, and solid rocket booster.

The methods and equations used for reduction of data were as follows:

Blowing System Data

The blowing systems were menitored at two nominal stations; upstream of
the nozzle (chamber pressure), and at the nozzle exits (see Figures 2e
and 2f).

The ratios of chamber pressure to freestream static were computed:

~CPRO1 = SSMEPR

Peo  PCORB
P, P
© ~CPRO2
_CPRSL
P.g  PCSR
P PO

b ~CPRSR - SRBPR
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DATA REDUCTION (Continued)

The ratios of exit pressures to chamber pressures were computed:
—==—=FPRI (I =1, 2 or 3)

Additionally, the ratios of nozzle internal wall to nozzle chambe press-

ure were computed:

Py PI = CPRI; (I = 95 thru 100)

P PC

Surface Pressure Tap Data

Individual orifice pressures were converted to coefficient form by

= = Cp. =PI

Element Average Base Pressure

Elements are : Orbiter, ET and SRB.

ELEMENT CP - CPu. EL o Ai Element
Bave :E: By biement Ap Element

where:

o
li

area weight for ith tap

element base area
\

>
Ews]
It

and
> A; Element = Ap Element

Ai Element

—~—————— values are given in Table III
Ap Element
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For the Orb

i =

For the ET:

DATA REDUCTION (Continued)

iter:
302 through 307 (Omit 303)
313 through 318 (Omit 314 and 317)

323 through 334

= 1501 through 1509

1516 through 1523
1530 through 1539 (Omit 1532 and 1538)
1546, 1549, 1551, 1553, 1563

1574 through 1577

For the SRB:

Wing Panel

2202, 2204, 2221, 2222 (Left SRB)

2223, 2224, 2218, 2220 (Right SRB)

Loads

With my, m9
stants s

normai forc

, and mj3, the output of the three flexures, and using the con-
d, and e (see Figure 2j), the right hand wing exposed panel

e, bending nd torsion moments were computed as follows:

NW = Wing normal force

RO G S D
a

pil
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DATA REDUCTION (Continued)

BW = Wing bending moment about Y, = 105

(m; - mo)
BW = my + [——l-——2— d; in-1bf
A

TW = Wing torsion moment about Xy = 1307

(m1 - m2)
W = m3 + -———————— | e in-1bs
am

Lonverting to coefficlent form:

CNW = -1
qcosw

CBW = -2V
quWb

oW = -
qooSWC

Wing Angular Deflection

Deflection due to wing torsion (@w)
Gy = (KWT) (TW); KWT = O
Deflection due to wing bending (ay)

oy = (Ka) (BW): KA = 0.005523°/in.1b.

Elevon Hinge Moments

Inboard elevon panel and outboard elevon: panel hinge moment coeffi ients
were computed by:

HMEI = Inboard elevon hinge moment, inch-pounds

- |mv (Kq)
v
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DATA REDUCTION (Continued)

HMEC = Outboard elevon hinge moment, inch-pounds

so that;
CHEL = _?Qggfh
915ECE
- HMEQ
9,5eCE
where o = freestream dynamic pressure, psi
Sp = elevon area = 3.024 in?
Cp = elevon chord = 0.907 inches

Elevon Deflections under load were computed as:

2By, < (ROET) (HMED)

Ay, = (KAEO) (HMEO)

SEy = 8B, (set) + AE
Ly Ly ¢ Ly

S0 = 4§ {set) + AE

"o Ly (set) Lo

Reference dimensions and constants used are listed below:

Symbol Full Scale Model Scale
ABET 597.6 ft? .05976 ft?
ARORE 301.0 f£t2 .03010 £t?
ARSRE (2) 235.0 ft? .02350 ft?
b 936.68 1in 9.3668 in
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Note:

DATA REDUCTION (Concluded)

Full Scale

474.81 in.

1290.3 in

2690,

1307.

105,

210.

90.

0

0

0

0

7

ft?
in
in
ft2

in

Model Scale
4,741 _ in
12.90: in
L2640 fr2
13.07C in
1.05C in
.021  £t?

.907 in

The reference dimensions and moment locations called out o the

plots and in the tab data refer to the total orbiter. The data

have been reduced as specified in this section; (i.e,)

Wing:

reference dimensions -~ as noted

bending moment reference - Y, = 105

torsional moment reference - X, = 1307
Elevons:

reference area - elevon planform area

reference chord - elevon chord

moment reference - elevon hinge line (X,

Pressures:

not applicable
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TABLE I.

TEST ¢ IA138

TEST CONDITIONS

DATE 3 SEf . 1978

MACH NUMBER

REYNOLDS NUMBER
iper unit length)

DYNAMIC PRESSURE
(pounds/sq. inch)

STAGNATION TEN ERATURE
(degrees Fahre 1eit)

: 1.55 L.y 6.26 g0
: 1.8 412 5.6) a5
§ 2.2) 3.45 b €6 5
R 3.01 3.76 5

BALANCE UTILIZED: __ MODEL NON-METRIC¥
CAPACITY: ACCURACY: COEFFICIENT

ST B

T, R S A T

]

T T T A TR

Sorian s

COMMENTS:  * Model mounted on rigid strut supplying blowing air.
® Trree component wing panel balance in right hand wing.

[ «_a . 4 o -
Individual inboard and outboard elevon hinge moment bal nces.

NF
SF
AF
PM

RM
YM

\.

TOLERANGE
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DATASET
IDENTIFIER
lst Character CNW
R (D/51-60,89) MACH
S (D/S561-87) ALPHA
T ) ET
U CPRS5

4th Character

PR LUHTEOHEEDO W

DATASET SEQUENCE

001-060,089
061-080,087
081-084,086

Takic i1 (Concluded)

DATASET/RUN NIMBER COLLATION SUMMARY

FORCE DATA COEFFICIANT SCHERUTE

CBMW  CTMW (el CHEO CPRORRA CPRET
PT P TTR TR ELVI ELVO
BETA PT P TTR TR FLVI
EO D DO CPROZ2  CPROL CPREL

CPRY96 CPRY7 (CPRY8 CPRO9 CPR10O0O EPR1

PRESSURE DATA COMPONENT

Orbiter Fuselage
Upper Body Flap
Lower Body Flap
Orbiter Base

#1 SSME Nozzle
#3 SSME Nozzle
External Tank Base
Left SRB

Left SRB Nozzle
Left SRR Base
Right SRB Basge

CPRSL

TORB
EL.VO
CPRSR
EPR2

CFRSR

TSRB
TORH

EPR3

Q

TSRR

Inside Orbiter Maneuvering System (OMS) (Pressure taps 214 and 215)

Independent Variable

First Second
BETA ALPHA
MACH SSMEPR
MACH SRBPR



TABLE ITI, ELFMENT NONDIMENSIONAL BASE ARFAS
ORBITER BASE ET BASE SRB BAS
TAP NO. A1 /ABORB TAP NO. As /ARETD TAP NO. A /Ap wmy
328 2.78920 1574 1.05479 2292 1259
332 } 1563 0.2Loky 220k
333 1546 0.05992 2220
323 0,26113 1549 2221
324 Y 1551 plalp
302 0.038133 1553 f 2203
300 1539 0.02318 eyl ]
305 1537 2218 1
306 1536
. 307 1535 !
;313 1577 j
i 315 1534 g
316 1533 ;
318 531 i
325 1530 ! {
326 1523 3.01065 i
327 1522 . ;
329 1521 !
339 1520 |
Po331 1519 |
334 ‘ 1576 |
1518
1517
1516 Y
1592 3.01516
1523 :
1501 :
150k |
1575 |
1505 i
1506 |
157
1528 i
1579 i ;
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TABLE IV. TIA138 PRESSURE DATA DELETIONS

a. Orbiter Fuselage

DATA SET BETA ALPHA ¢ x/2¢ TAP NO.
R3DAO1/31 ~4 ALL 20° .825 233
02/32 -4 ALL 09, 20° 73,233
03/33 -4,0 ALL
04/34 A ALL
04/34 0 ~-6,-4,0
05/135 —dy ALL
06/36 —4 ALL
06/136 0 ~6,-4
07737 ~4,0 ALL
08/38 —4 ~8,-6,-4,0
08/38 -4 -8,-6,~4,0 209,400 .693 202,223
09/39 ~4, ALL 09,200 .825 173,233
10/40 4,0 ALL
11/41 4,0 ALL ‘
12/42 -4 -8,-6.-4,0
13/43 -4 ALL
14/44 -4 ALL
15/45 -4 -8,-6,-4,0
16/46 —4 ALL
L7/47 —4 -8,-6,-4,0
18/48 -4 -8,~6,-4,0
19/469 ~4 ALL
20/50 -4 ALL
20/50 0 -6,-4,0
21751 4 ALL
22/572 -4 ALL
22752 0 -6 ,=4,0
23/53 -4 ALL
23/52 0 64,0
24/54 -4 ALL
24/54 0 -6,-4,0
25/55 -4 ALL
25/55 0 -6,-4,0
26756 -4 ALL
26/56 0 -6,~4,0
27/57 ~4 ALL
27/57 0 ~6,-4,0
28/58 -4 ALL
28/58 0 -6,~4,0
29/59 -4 ALL
29/59 0 ~6,-4,0
30/60 ~4 ALL
30/60 0 —6,~4,0 I ! !

44



TABLE IV, (Continued)

b. Left SRB

DATA SET BETA ALPHA ¢ X/ AP NO,
R3DHO1 -4 ALL 450 2250 .838 2 12,2117
01 -4 ALL 315° .997 2179
04 -4 ALL 2259 .838 2117
05 -4 -6,-4,0 459 .838 2112
! -4,0 ALL 2250 .838 2117

4,0 ALL 2259 .976 2165
~L -6,-4,0 315° .976 2169
-t 4,6 3150 .997 2179
0 L 5450 ,997 2179
06/36 -4,0 ALL 2250 .976 1165
07 —4 ALL 2250 .838 2117
07 ~4,C,4 ALL 2250 .976 1165
08 -4 ALL 2250 .976 1165
08 -4 ALL 315° .997 1179
10 -4 ALL 2250 .838 1117
10 -4,0,4 ALL 2259 .976 1165
49 ~4 —6,~4 2250 .976 165
51 ALL
52 -6,-4,0
53 ' -6,~4
54
55
56
57
58
59 -
o 1 | l

c. Boedy Flap - Upper Surface

DATA SET BETA  ALPHA n %/Ch¢ T P NO.

R3DB36 0o -6 .50 ~.10 413




TABLE IV, (Continued)

d. Left SRB Nozzle

DATA SET BETA ALPHA ¢ X/D TAP NO.
R3DIOL 4 4 270 .015,.135 2438,2426
03 ~4,0,4 ALL 300 .135 2427
04 -4,0,4 ALL 300 .135 2427
05 0 4 60 .015 2431
06 4 4 60 .015 2431
06 -4,0,4 ALL 300 135 2427
07 ~4.,0,4 ALL 300 .135 2427
10 ~4,0,4 - ALL 300 .135 2427
11 -4 6 60,90 .015 2431,2432
11 ~4,0,4 ALL 300 .135 2427
19
20/50
23
24
25
26
27/57
28
29/59
30/60




TABLE IV. (Continued)
e. No. 1 SSME Nozzle
DATA SET BETA ALPHA ¢ X/D AP NO,

R3DEO2 ALL ALL 0 .058 31
02 300° .320 53
03/33 0 .058 31
03/33 300 .320 53
04/34 0 .058 31
04/34 300 .320 53
06/36 0 .058 31
06/36 300 .320 53
07/37 G .058 31
07/37 300 .320 53
09 0 .058 31
09 300 .320 53
10 300 . 320 53
40 0 .058 31
40 300 . 320 53
11/41 0 .058 31
11/41 300 . 320 53
12/42 4 30 . 580 56
12/42 4 0 30 .580 56
14 AL ALL 300 .320 53
17/47 300 .320 53
19/49 300 .320 53
20/50 0 .058 31
20/50 300 .320 53
20/50 30 .580 56
21 300 .320 53
22/52 0 .058 31
300 .320 53

23/53 0 058 31
300 . 320 33

24/54 300 .320 53
25 300 .320 33

55 0 .058 3
55 300 .320 33
55 30 . 580 36
26 0 . 058 31
26 30 .580 36
26/56 300 .320 33
27/57 0 .058 1
27/57 300 . .320 33
28 -4,0 30 .580 36
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TABLE IV. (Concluded)
e, (Continued)
DATA SET BETA ALPHA ¢ /D TAP NO.

R3DE28/58 ALL ALL 0 .058 31
28/58 l 300 . 320 53
29/59 ‘ 0 .058 31
| 300 .320 53
30 30 .580 56
30/60 0 .058 31
30/60 300 . 320 53
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Notess

T. Positive directions of force coefficients,
moment coefficients, and angles are
indicated by arrows

2. For clarity, origins of wind and stability
axes have been displaced from the center

of gravity
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Figure 1. Continued.



Positive Angle Aero Forces. ! Hoage
Detlection of E and Moments Mo rent
Rudder, &r +B 0, - | *Cy » -Cy S
Elevon, Be -a , -p o h e
Right, & . ' | he
B, Per ? “' L e
Left,  Bep + +Cy he,
Aileron, 8a b +{y ]
Body Flap, dyp¢ -, -f Ca hpe

Control Surface Defleciions
Figure 1. Concluded.




4

/L——A‘-r—» S 43 MOZILE - K
- - S i\ - 89
[l
. e — — SSME NOZZLE - X

== v‘?ﬁ, — 67
g

j
\\ﬁ_—j——-——— 3 POD - K
16

a. Orbiter (0;) Components
Figure 2. Model sketches.



LS

P
.l -
&
— 53
L]
Rh

1460.0

236

N
N
o
\n

u

An 2175.1
L

A Tom b et v s 1 . A Y
ttlie Vericle Launch Configurati

Continued



ATy, ( MFMBER §1,
WEMMRER 2

¢. IExternal Tank
Figure 2,

hY N -
(Teg) Protrusions

Continued.

_The

Ay

(3. | onmen g2
LILE Iy M

HEMBER #1




64

gb&g‘r‘ 1yl 4\-_4,‘

T

oo

— SmarTien TF D5 n (P

\/ﬂ-—ﬁ QR oA

Ky = A4a9 |

=2
pua e

BecTiens E6, 20D (PSg) —0
wh T

(

j 22 8 “- [goeTiow :-’F’

¥Xp, =324
Gt 2. ©
Yo tTN3
- | -2
] o —~g - - - V
M 27 . e
T e Al = o i< "‘-’/“
e e [ e 4 { _ bl zes.z
I
. e ! —§ _E:} 1_
4
E >y
raa? ) Veiinzsa
Mo, vov G “E"“’Oz o

_.I ll S T wi_@; (\TJS;_
< el T PN T Tara T se

d. 8Sclid Rocket

N

o

Pizure




9¢

- . 1 Y
e

e o) _
s VT

B 2\\T¥( e
o S AN e

SSME Blowing System to Simulate Jet Plumes
Figure 2, Continued.




LG

Lo Simulate Jet Flumes

£ b o g 3
LOnNTInueEs.



8¢

&

Scanivalve Location and Nunvering
Figure 2. Continved.



6§

\

l Couez Nt \5,:\,\\0\“_}

Inroi

— - .
'\[u\::c:j N e ‘?;.g«:v_; \-\4(‘\__;__

[N flnNer e
S

TH AT T C_EWQ )
TROR L= Cad 1T T g

SN

\‘7QE.\<_\H~) B(—_-vcxm = C-;jr_~u&1 s
fﬁkc:-;:-s.s. PATE . e AT E s oo %\w«_‘g

Y o ™ —%Q&W\L

62_ Bl reT
ry B ohEE e

\ Pl ISy cul, N KQ-_ VOO, O

S R e money Flow i Lo ~
RS SN AT A A D

"
— v, \‘/W“\I bt i A W )
SE A OV R
wing Iayout
Continued.



SECTen @ Y 2 36

%é\\wm. %f;ya&?_’-s;-gd,\ l»\

PN
T
N

. » ) (
bz TaNs  eeewraagel) . i
4k — L

,
\

L -

)

- —_—
/
AT

[ ElEuond ¥\ﬁ\i¢\é’
/ M ovi e T e sy

Elevon Gauge Details
Continued.

Figure 2.

6



Y

T

- ‘Xl_u_‘i

X_ = 1000

o = \SHOT

YC): O
Y¢3 loy

i.

Figure 2.

X - ¥,

&

S

61

LN+ SV

T DR T G B e EE
'bdvaK\\MomcuT o~y E5
U RToA T TRoV, “(.'s o8
C¥ PO, = D W\MC—\ e 0T
CHOZD TL fAcnE 2
= é.x-:;riwch— ¥ {2 On,

K= VvHov o Oeoe H3

Wing Panel Data Reduction Distances
Continued.



., /
I
) . L . . / /
A L NG AT // /o
TN s /
*‘j** ‘4}* e “’““ - / /
\ ; o~ /
i ,/'/ / [ ,_/(
. ~ [T
= /
|
j - .
f\. SRR SE
|
/ \
f
| \
\l \F":‘;’
N e e T I%’/}
| ,
o~ Q % ﬁa
g
8 Y X
oes. sTAL B RADIAL  LOCATIQN -~ DEFG.
Xoro | 7o/i0 | o a0 [yo |70 190 [ro5 [0 120 (/35 50|65, /&
1070 | |
ey 2B 23T 224 K25 (226 | - |227 RS |R2F |230 | K3/
/275 ;
/300 l J73 (232 ()R (4TS 076V ivr | = 7s s L sFO 238 18
1275 :
LN 192361195 196 497 198 = |199 | 200 Re/ ko2 -
JREO G ? |
/5'30%!/‘0(‘5121' - - SR — - W2z - - -
15200 00300 - - I B N = 77N V4 B N
1 . ! |
e ] ; 3. ‘ i —— __L,_ - r—
Lo = 1290.3 +A/Crre s TOTA L 25
~ore:  Xoy - 2 3% X Q_,f
Lo e
k. Crbiter Fuselage Pressure Tap Array

Wigure 2.

Continued.




£9

~Yo | +ye
30 - 38
333 A oSSz
[N T 0
/e N
£ *57 Bo /[ T
323 ‘\
34 -3'3‘%3\5!.“ ‘ ///f \<
?ﬂf - - 2o 400

|
b
{_:;'g 334 F iy 307
- L]
K ; —
: .
! '
1. Orbiter Base Prescure Tap TLonat:-r
e - weTaly Lalr pGCETUl Ll
Figure 2 Continued

e

Z 3So2



V9

> ) )<//C:§F =5
7 5 - : - RSN
(= — SO 20 & O ' 75 "¢
! “r
1o 208 %00 FO7 | RO | gLl
) E O/ FoZ 3 FOL | LOHAER
cp | F/3 G /E £/5 Gl | IPPES
’ S 0F =N o) 20/ LD LowEl
o | 937 2383 | 439 T | UPPER
‘ 433 Q3G [ GF I L Q@ITE | LONER
TO7AL RS i
(e =8/ JNEHES X/ Cop
]
i L ! J 3
S S m_ ﬁ** ""-/L//
- BN SRS SR
L s s ]
DR A B S - ? L0
‘ ; ,
| i e |
| | ‘: Qi /
i | !
— % : — R ; a___ /. e B0
| | .i /
\ | | | |
T R : of e LG5
S0 20 ) ‘50 g S LGD

Figure

~

<.

Body Flap Pressure Tap Iocation
Continued.



©.8, Dir. i/ EST £.5 S INTEENAL praLl PREIVLE
@ L7 PPELIUEL
e NO D SSMIE LePER

|y = . 3 TL LONEAL LIGHT
\\ ] T O NO. 3T soark

\\

|

o'
INTCR, PREIT. JTARL

catrAz.
AOEZLE | T P |
A2 Ao l
a /N PEL
2 Pz
3 PEZ

0 o588 : 0.32¢ 0.580

n. Crbiter 35ME Noszzle Pressure Tnstrumentation

s ~ :
Flpure 2. Continued,



99

p s /gfﬁf’g”v £ <
R/ ST

Ra /95,72
Ry /3704
R4 /105

RS 77.4&

Ef'éw__ o

AFET TANK

x —
2089
TAMGLMCY

!
I

| |

rng
Ty < Ot
A

VIEW LOCHIANG
AFT

X7 2/73
R e g 0s T BTS

~A

S T=)
e LONLINVES .«

al Tank Pressure Tap Location
"
o



()
/650 Y/ 80 X5 /87 ©
- Vg 28
Y1827 In e/
T L] B
ey ~ . ' o __/
VW FWo /
18°
/ AN |
s A I i - o
‘@ﬂﬁ"l— \rqo\x "’lr- —T#’_
&j Q | | -
g X, /650 — LA Se8 eIty - T oo A/
‘ Xs /860 A /890 8O P~y
R a N ¢ X, [ #
\ 180 /50 { /350 > ] ___..,—1P——\\ 22\5,0
| /f"
\ 225 ° - s .
/ 35 0 e s P . s - T\,\ /?\\ . , .
5 \X . | | % Ay y \ / 247
/ ‘\\ AN \ AN / .
a TN SN S NN S o S
RN - \ \ // \ f - /// { \
L — | e e — - S b
\ / s R\\\ i[ \\\\\ \
b N A N -\
%‘ /‘ :/_..! // \\:4/ \\\7 / \ /2{{‘&5
X\ q éf;\‘\“"“*—“"lf d \7\\“"‘ + e A // S // A t}!/\‘\ : /X
a\* f R N ’V - “/' N
9] E__}J G Mé}‘
©. ©SRB Basic Pressure Tep Locaticon
Figure 2 Continued.




59

LfH. SKE Co TOTAL ALRIE 3¢ O r35 %X/ﬂ;
o - TOFA L SsE & gors )
q’//,//,////' i | /fﬂ—";f4£/2z/%£m FHICANESS AT % _
Y T WIS Pos T IS Obie 7UGE L /\ 0% e

| o LR 185 o077 ) / )

l ; ! / :

| | / \\' / \

| ; / | y

’ ! ) / ‘x .

— N7 TN T e
!| Y t i k ///iﬂtt\\ /
L A
I 19 \,/ DY \
LT —
\:’) e 18° / ‘f \

q. ORB Nozzle and Base Pressure Tap Iocation

Figure 2. Continued.



69

|- 2Y, STe=L NPT
SSME (ABovE) &
| SR (BeLow)
 DET PLuwmE AR

Suppex

T ORBITER NesE AT TS, D8 869 TS .0
[~ OB ITER YR on Tusmde
- ReAar SCle Ber WhikDow

by sp Ui, S,
T e b ™ O K WA R ™

. Model 75-07S Installation &mes 2 x 7
Figure 2. <{onclugded.



0L

T
BT
4 ﬂjw:

Sl

et

i

a. Three-quarter front view of model 75-0TS
Figure 3, Installation Photographs of Model in Ames 9x7 Tunnel

i

i

i

et
e




1

i
"

b. Three-quarter rear view of Model 75-0TS
Figure 3. Continued



f Model 75-0TS

t view o

Af

C.

Concluded

3

Figure

72



APPENDIX

PRESSURE DATA - MICROFICHE

Microf: -he

Lontents Page Nt iber

Orbiter Fuselage (A) D/S 01-89 1-9
Upper Body Flap (B) D/S 01-89 9-1¢
Lower Body Flap (C) D/S 01-89 14-1¢
Orbiter Base (D) D/S 01-89 19-3¢
Number l Space Shuttle Main Engine Nozzle (E) 30-3&

D/S 01-89
Number 3 Space Shuttle Main Engine Nozzle (F) 38-43

D/S 01-89
External Tank Base (G) D/S 01-89 44--51
Left Solid Rocket Booster (H) D/S 01-89 51-56
Left Solid Rocket Booster Nozzle (I) D/S 01-89 56--64
Left Solid Rocket Booster Base (J) D/S 01-89 65--66
Right Solid Rocket Booster Base (K) D/S 01-89 6667
Inside Orbiter Maneuvering System (L) D/S 01-89 67-69

Due to the limited distribution of Volume 3 of this data report, ta ulated
pressure data are available on request from Data Management Service

73



	DMS-DR-2438-VOL-3 NASACR160857 IA138-7629
	DMS-DR-2438-VOL-3 NASACR160857 IA138-7630
	DMS-DR-2438-VOL-3 NASACR160857 IA138-7631
	DMS-DR-2438-VOL-3 NASACR160857 IA138-7632
	DMS-DR-2438-VOL-3 NASACR160857 IA138-7633
	DMS-DR-2438-VOL-3 NASACR160857 IA138-7634
	DMS-DR-2438-VOL-3 NASACR160857 IA138-7635
	DMS-DR-2438-VOL-3 NASACR160857 IA138-7636
	DMS-DR-2438-VOL-3 NASACR160857 IA138-7637
	DMS-DR-2438-VOL-3 NASACR160857 IA138-7638
	DMS-DR-2438-VOL-3 NASACR160857 IA138-7639
	DMS-DR-2438-VOL-3 NASACR160857 IA138-7640
	DMS-DR-2438-VOL-3 NASACR160857 IA138-7641
	DMS-DR-2438-VOL-3 NASACR160857 IA138-7642
	DMS-DR-2438-VOL-3 NASACR160857 IA138-7643
	DMS-DR-2438-VOL-3 NASACR160857 IA138-7644
	DMS-DR-2438-VOL-3 NASACR160857 IA138-7645
	DMS-DR-2438-VOL-3 NASACR160857 IA138-7646
	DMS-DR-2438-VOL-3 NASACR160857 IA138-7647
	DMS-DR-2438-VOL-3 NASACR160857 IA138-7648
	DMS-DR-2438-VOL-3 NASACR160857 IA138-7649
	DMS-DR-2438-VOL-3 NASACR160857 IA138-7650
	DMS-DR-2438-VOL-3 NASACR160857 IA138-7651
	DMS-DR-2438-VOL-3 NASACR160857 IA138-7652
	DMS-DR-2438-VOL-3 NASACR160857 IA138-7653
	DMS-DR-2438-VOL-3 NASACR160857 IA138-7654
	DMS-DR-2438-VOL-3 NASACR160857 IA138-7655
	DMS-DR-2438-VOL-3 NASACR160857 IA138-7656
	DMS-DR-2438-VOL-3 NASACR160857 IA138-7657
	DMS-DR-2438-VOL-3 NASACR160857 IA138-7658
	DMS-DR-2438-VOL-3 NASACR160857 IA138-7659
	DMS-DR-2438-VOL-3 NASACR160857 IA138-7660
	DMS-DR-2438-VOL-3 NASACR160857 IA138-7661
	DMS-DR-2438-VOL-3 NASACR160857 IA138-7662
	DMS-DR-2438-VOL-3 NASACR160857 IA138-7663
	DMS-DR-2438-VOL-3 NASACR160857 IA138-7664
	DMS-DR-2438-VOL-3 NASACR160857 IA138-7665
	DMS-DR-2438-VOL-3 NASACR160857 IA138-7666
	DMS-DR-2438-VOL-3 NASACR160857 IA138-7667
	DMS-DR-2438-VOL-3 NASACR160857 IA138-7668
	DMS-DR-2438-VOL-3 NASACR160857 IA138-7669
	DMS-DR-2438-VOL-3 NASACR160857 IA138-7670
	DMS-DR-2438-VOL-3 NASACR160857 IA138-7671
	DMS-DR-2438-VOL-3 NASACR160857 IA138-7672
	DMS-DR-2438-VOL-3 NASACR160857 IA138-7673
	DMS-DR-2438-VOL-3 NASACR160857 IA138-7674
	DMS-DR-2438-VOL-3 NASACR160857 IA138-7675
	DMS-DR-2438-VOL-3 NASACR160857 IA138-7676
	DMS-DR-2438-VOL-3 NASACR160857 IA138-7677
	DMS-DR-2438-VOL-3 NASACR160857 IA138-7678
	DMS-DR-2438-VOL-3 NASACR160857 IA138-7679
	DMS-DR-2438-VOL-3 NASACR160857 IA138-7680
	DMS-DR-2438-VOL-3 NASACR160857 IA138-7681
	DMS-DR-2438-VOL-3 NASACR160857 IA138-7682
	DMS-DR-2438-VOL-3 NASACR160857 IA138-7683
	DMS-DR-2438-VOL-3 NASACR160857 IA138-7684
	DMS-DR-2438-VOL-3 NASACR160857 IA138-7685
	DMS-DR-2438-VOL-3 NASACR160857 IA138-7686
	DMS-DR-2438-VOL-3 NASACR160857 IA138-7687
	DMS-DR-2438-VOL-3 NASACR160857 IA138-7688
	DMS-DR-2438-VOL-3 NASACR160857 IA138-7689
	DMS-DR-2438-VOL-3 NASACR160857 IA138-7690
	DMS-DR-2438-VOL-3 NASACR160857 IA138-7691
	DMS-DR-2438-VOL-3 NASACR160857 IA138-7692
	DMS-DR-2438-VOL-3 NASACR160857 IA138-7693
	DMS-DR-2438-VOL-3 NASACR160857 IA138-7694
	DMS-DR-2438-VOL-3 NASACR160857 IA138-7695
	DMS-DR-2438-VOL-3 NASACR160857 IA138-7696
	DMS-DR-2438-VOL-3 NASACR160857 IA138-7697
	DMS-DR-2438-VOL-3 NASACR160857 IA138-7698
	DMS-DR-2438-VOL-3 NASACR160857 IA138-7699
	DMS-DR-2438-VOL-3 NASACR160857 IA138-7700
	DMS-DR-2438-VOL-3 NASACR160857 IA138-7701
	DMS-DR-2438-VOL-3 NASACR160857 IA138-7702
	DMS-DR-2438-VOL-3 NASACR160857 IA138-7703
	DMS-DR-2438-VOL-3 NASACR160857 IA138-7704
	DMS-DR-2438-VOL-3 NASACR160857 IA138-7705
	DMS-DR-2438-VOL-3 NASACR160857 IA138-7706


